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There have been various clinical studies on the effect of flaxseed-derived products on circulating inflammatory biomarkers, but the findings from
these are contradictory. The aim of the present study was to clarify any association. A comprehensive literature search was conducted from inception
to May 2018. From the eligible trials, 32 articles describing studies conducted on adults aged 18-70 y were selected for the meta-analysis. Meta-
analyses using the random-effects model were performed to investigate the data and results showed significant effects of flaxseed intake on
circulating high-sensitivity CRP (hs-CRP) [weighted mean difference (WMD) = —0.75; 95% Cl: —1.19, —0.30; P < 0.001] and TNFa (WMD = —0.38;
95% Cl: —0.75,-0.01; P = 0.04). However, no significant changes were found in IL6 concentration (WMD = —0.24; 95% Cl: -0.70, 0.21; P = 0.28)
and C-reactive protein (CRP) (WMD = —0.34; 95% Cl--0.89, 0.20; P = 0.22). Moreover, by eliminating 1 of the studies from the sensitivity analysis,
changes in IL6 concentration were significant (WMD = —0.44; 95% Cl: -0.81, —0.08). The changes in inflammatory biomarkers were dependent on
study design (parallel or crossover), supplement type (flaxseed, flaxseed oil, or lignan), study quality (high or low), and participants’age and BMI.
According to this meta-analysis, flaxseed significantly reduced circulating concentrations of hs-CRP and TNFe, but did not affect IL6 and CRP. Further
research is needed to examine the effect of different doses and long-term benefits of flaxseed and its derivatives on inflammatory factors. Adv Nutr

2019;10:1108-1119.
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Introduction

According to previous relevant studies, the role of inflamma-
tion is critical in various diseases, including cardiovascular
disease (CVD), chronic kidney disease, type 2 diabetes,
chronic obstructive pulmonary disease, and cancer (1, 2).
Predominant markers of inflammation such as TNFe, C-
reactive protein (CRP), and IL6 are positively associated
with various chronic disorders. TNFa and IL6 are the
most important cytokines released in large amounts during
inflammation and play critical roles as mediators in CVD and
other chronic diseases. Also, they are potent stimulants for
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CRP production, which has been shown to be a strong risk
factor for chronic disorders. Several therapeutic approaches
including anti-inflammatory agents and monoclonal anti-
bodies are being used in emerging clinical management in
inflammation-related diseases (1, 3).

Evidence from several studies has shown that some
dietary factors such as plant sterols, dietary fiber, isoflavones,
phytoestrogens, lignans, and w-3 PUFA including EPA,
DHA, and «-linolenic acid (ALA) have revealed anti-
inflammatory properties (4-6). According to epidemiologic
studies, ALA can reduce the morbidity and mortality rate
of CVD. The mechanism of action for this fatty acid is not
clear yet, but anti-inflammatory properties are involved in
the beneficial effects (7).

Flaxseed (linseed, Linum usitatissimum), an edible oil-
rich seed/grain and 1 of the oldest arable crops, was recently
acknowledged as a functional food (8). Flaxseed contains a
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TABLE 1 PICOS (population, intervention, comparator, outcome,
and setting) criteria used to perform the systematic review and
meta-analyses’

PICOS Criteria

Patients with chronic disease and healthy
subjects
Flaxseed and its derivatives

Population

Intervention

Comparator Placebo group
Outcome Circulating CRP, hs-CRP, IL6, and TNFa
Setting Clinical trials

TCRP, C-reactive protein; hs-CRP, high-sensitivity CRP.

high concentration of ALA, soluble fiber, lignan precursors,
and other substances that may have many health benefits (9).

Flaxseed is the richest dietary source of the plant lignan
secoisolariciresinol diglucoside (SDG), which is metabo-
lized to the mammalian lignans enterodiol and entero-
lactone by colonic bacteria (10). According to various

studies, CRP concentration can be reduced significantly by
SDG (11).

Many clinical trials have been performed to determine the
effect of flaxseed intervention (whole flaxseed, flaxseed oil,
or lignans) on various inflammatory biomarkers in different
chronic diseases (12, 13). Despite existing claims about
the effects of flaxseed or its derivatives on inflammatory
markers, the results of these studies remain conflicting. Thus,
the present meta-analysis was conducted to summarize the
avaijlable evidence regarding the effect of flaxseed or its
derivatives on inflammatory markers (TNFe, IL6, CRP, and
hs-CRP).

Methods

This research was conducted by following the guidelines and
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement for reporting systematic reviews
and meta-analyses of studies. Table 1 shows the population,
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FIGURE 1 Search strategy for research evaluating the relations between intakes of flaxseed-derived products and circulating

inflammatory markers. RCT, randomized clinical trial.
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intervention, comparator, outcome, and setting criteria used
to perform the systematic review. According to the local
legislation, ethical approval is not necessary for this study
type (meta-analysis and systematic review). The study
protocol was registered on PROSPERO (registration number:
CRD42018095788).

Study identification and selection

Two researchers (NB and MR) independently searched
databases including the Cochrane Library, World Health
Organization International Clinical Trial Registry Platform,
PubMed, clinicaltrials.gov, Scopus, and ProQuest Digital
Dissertations Database for randomized, placebo-controlled
human trials that investigated the effect of flaxseed or its
derivatives (in the form of whole or ground flaxseed, flaxseed
oil, or lignan supplement) on inflammatory biomarkers. The
search included all studies published as original full-text
articles covering a period up to May 2018. The keywords
flax: OR linseed* OR lignan* OR “Linum usitatissimum,”
OR “flaxseed” OR “flaxseed o0il” OR “secoisolariciresinol
diglucoside” OR “SDG” in combination with “inflammation”
OR “inflammatory” OR “C reactive protein” OR “C-reactive
protein” OR “CRP” OR “high-sensitivity C-reactive protein”
OR “hs-CRP” OR “interleukin-6” OR “interleukin 6” OR
“IL-6” OR “tumor necrosis factor-> OR “tumor necrosis
factor” OR “TNF-a” OR “TNF” were used in the literature
search. The reference list of related articles was hand-
searched for additional relevant studies. For studies to be
included, they had to fulfill the following criteria: use of
the randomized method [including intervention (flaxseed or
its derivatives) and placebo group] and measurement of >1
of the primary outcomes. Trials with the following criteria
were excluded: 1) observational studies (cohort studies, case-
control studies, ecological studies, case reports, and case
series), 2) nonclinical studies, uncontrolled trials, as well as
those with insufficient data, and 3) flaxseed combined with
other supplements or drugs.

Data extraction and quality assessment

An electronic database was created to collect all relevant data
from the trials. The data were extracted independently by the
2 investigators (MR and NB), and in case of disagreement,
ARA cross-examined doubtful data, with a decision being
made after a consensus meeting. In the first screening, we
evaluated the title and abstract of all the studies in endnote
software (EndNote X6, Thomson Corporation) and duplicate
studies were eliminated. The following characteristics were
extracted: surname of the first author, study design, year of
publication, sample size, gender and age mean, intervention
dose, study duration, and inclusion and exclusion criteria.
Data related to serum concentrations of CRP, hs-CRP,
and TNFa as well as IL6 concentration before and after
supplementation, were extracted for evaluating effects of the
flaxseed intervention. The quality of the studies was assessed
by both the researchers (MR and NB) according to the
Jadad score (14) and Cochrane risk of bias tool (15). The
Jadad score included randomization, blinding, description
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of withdrawals and dropouts, methods of randomization,
and double-blinding status. The total score was the sum
of the 5 points, which generated a scale from 0 to 5, with
higher numbers representing better quality. The Cochrane
risk of bias tool was used for quality assessment as follows:
sequence generation, allocation and concealment, blind-
ing, incomplete outcome data, selective outcome reporting,
and other sources of bias. According to the Cochrane
guideline handbook, the words “yes,” “no,” and “unclear”
demonstrated the low, high, and unknown risk of bias,
respectively.

Statistical analysis

The effect size, as estimated by the mean difference, was
used to perform the fixed method meta-analysis. A random-
effects meta-analysis was performed for each measurement,
demonstrating a significant heterogeneity between the stud-
ies (16). Heterogeneity was assessed with the I° index
and by testing the null hypothesis that all studies share a
common effect size. Heterogeneity was considered low if
I? < 30%, moderate if I’ = 30-75%, and high if ¥ > 75%
(17). For identifying the potential source of heterogeneity,
stratified analyses were performed according to the following
indicators: study quality according to the Jadad score (high
or low), study design (parallel or crossover), age group
(<30, 30-60, or >60 y), BMI categories (<25, 25-30, or
>30 kg/m?) and supplement type (flaxseed, flaxseed oil,
or lignan). Moreover, the meta-regression was performed
based on study quality, study design, supplement type, age
group, BMI, study duration (wk), and participants’ gender
(percentage of male subjects recruited in the study) to
identify possible sources of heterogeneity. Funnel plots were
used to visually inspect for the presence of publication bias. In
addition, for further investigation of publication bias, Begg’s
rank correlation and Egger’s linear regression tests were used.
All the analyses were carried out using Stata, version 12
SE (Stata Corp). A P value < 0.05 was considered to be
statistically significant.

Results

Characteristics of the studies

From a total of 1004 records obtained through the systematic
search, 32 articles were included in the final analysis. In these
trials, the total number of participants was 1502, of whom
936 were included in the intervention groups and 566 in the
control groups. The review flow diagram is shown in Figure
1, and the primary characteristics of all the 32 studies are
outlined in Table 2. Flaxseed was tested in the form of whole
flaxseed (18-23), golden flaxseed (12, 21, 24-28), flaxseed oil
(29-45), and lignan (46-48) in the intervention groups with
a dose of 360 mg (48) to 60 g (19). The trials varied in length
from 2 (20) to 12 (30) wk with a median duration of 9.91 wk.
Most of the trials (25 trials) had parallel study designs, but
7 studies had a crossover design. The quality of the included
studies was diverse; 17 studies were high quality (Jadad score
3-5) (12, 19, 20, 25, 28, 29, 31, 32, 35, 36, 38, 39, 42, 43, 46—



TABLE 2 Characteristics of studies investigating the associations between flaxseed-derived product intakes and circulating inflammatory
biomarkers

Participants

First author, year (interven- Treatment Quality
(reference) Country Design tion/control) duration/wk Intervention Disease name Parameters score
Babajafari et al.,, 2018 (29) Iran Parallel 49(25/24) 3 30 g FXO + ISP/30 g CO + ISP Burn patients hs-CRP 3
Comp: 42
Barre et al, 2012 (46) Canada Crossover 24 (24/24) 6 600 mg LIG T2DM CRP, IL6, TNFa 3
Bloedon et al., 2008 (12) United Parallel 62(30/32) 10 409 GF 4+ LF&LC Dyslipidemia hs-CRP, IL6 3
States Comp: 58 diet/WB + LF & LC diet
de Oliveira et al, 2017 (30) Brazil Parallel 52(27/25) 12 30 mL FXO/00 OverWt or Obes CRP 1
Comp: 50
de Oliveira et al, 2017 (30) Brazil Parallel 54(27/27) 12 30 mL FXO/SAO OverWt or Obes CRP 1
Comp: 52
Demark et al., 2008 (28) USA Parallel 81(40/41) 3 30 g GF/Control (UD) Prostate cancer CRP 3
Comp:78 patients
Demark et al,, 2008 (28) USA Parallel 81(40/41) 3 30 g GF/LF Prostate cancer CRP 3
Comp:78 patients
Dodin et al,, 2008 (18) Canada Parallel 199(101/98) 12 40 g FLX/WG Menopausal women CRP 2
Comp: 179
Faintuch et al, 2011 (19) Brazil Crossover 24(24/24) 2 30 g FF/MF Obes CRP 3
Comp: 24
Faintuch et al, 2011 (19) Brazil Parallel 20(11/9) 12 60 g FP/CF Morbid obesity CRP 3
Comp: 18
Foster etal,, 2013 (31) Australia Parallel 24(12/12) 12 2 g FXO/00 T2DM CRP, IL6, TNFa 4
Comp: 20
Hallund et al,, 2008 (47) Denmark  Crossover 23(23/23) 6 LF muffin with 500 mg Postmenopausal IL6, CRP, TNFar 3
Comp: 22 LIG/without LIG women
Hutchins et al, 2013 (27) United Crossover 41(41/47) 12 13 g GF/Control OverWt or Obes hs-CRP, IL6 1
States Comp: 25
Hutchins et al, 2013 (27) United Crossover 41(41/47) 12 26 g GF/Control OverWt or Obes hs-CRP, IL6 1
States Comp: 25
Karakas et al., 2016 (32) United Parallel 36(18/18) 6 3.5 g FXO/FO PCOS hs-CRP 3
States Comp: 34
Karakas et al, 2016 (32) United Parallel 36(18/18) 6 3.5 g FXO/SBO PCOS hs-CRP 3
States Comp: 34
Kaul et al, 2008 (33) Canada Parallel 44(22/22) 12 2 g FXO/SFO Healthy CRP 2
Comp: 44
Khalatbari et al, 2013 (26) Iran Parallel 38(19/19) 8 40 g GF/Control HD CRP 1
Comp:30
Kontogianni et al, 2013 (34)  Greece Crossover 53(53/53) 6 15 mL FXO/00 Healthy adults hs-CRP, TNFa 1
Comp: 37 Washout: 6
Lemos etal, 2012 (35) Brazil Parallel 20(11/9) 12 2 g FXO/MO HD CRP 5
Comp: 18
Machado et al, 2015 (21) Brazil Parallel 50(25/25) 1 28 g GF/WB ow CRP IL6, TNFor 1
Comp: 41
Machado et al, 2015 (21) Brazil Parallel 50(25/25) 11 28 g BF/WB ow CRP, IL6, TNFa 1
Comp: 41
Mirfatahi et al., 2016 (36) Iran Parallel 38(19/19) 8 6 g FXO/MCT HD hs-CRP 5
Comp: 34
Mirhashemi et al,, 2016 (37) Iran Parallel 60(30/30) 12 1 g w3 FXO/PLA DN TNFa 2
Comp: 56
Mirmasoumi et al., 2018 (38) Iran Parallel 60(30/30) 12 2 g FXO/PLA PCOS hs-CRP 5
Comp:60
Nordstrom et al., 1995 (39) Finland Parallel 22(11/11) 12 30 g FXO/SAO RA CRP 3
Comp: 22
Pan et al,, 2009 (48) China Crossover 73(73/73) 12 360 mg LIG/RF T2DM CRP, IL6, 5
Comp: 70 Washout: 8
Paschos et al, 2007 (40) Greece Parallel 40(20/20) 12 15 mL FXO/SAO Dyslipidemia TNFo 1
Comp: 35
Rallidis et al,, 2003 (41) Greece Parallel 76(50/26) 12 15 mL FXO/SAO Dyslipidemic CRP, CRP 1
Comp: 76
Rhee etal, 2011 (25) United Crossover 11(11/11) 12 40 g GF/WB Obes glucose hs-CRP, IL6, TNFa 3
States Comp: 9 Washout: 4 intolerant
Ricklefs et al, 2017 (24) United Parallel 19(10/9) 8 28 g GF/9g GP T2DM TNFea, CRP 1
States Comp: 17
Soleimani et al, 2017 (43) Iran Parallel 60(30/30) 12 2 g w3 FXO/PLA DN hs-CRP 3
Comp: 54
Soleimani et al,, 2017 (42) Iran Parallel 60(30/30) 12 2 g w3 FXO/PLA DFU hs-CRP 3
Comp: 55
Vargas et al, 2011 (44) United Parallel 44(23/21) 6 3.5g w3 FXO/FO PCOS hs-CRP 2
States Comp: 34
(Continued)

Flaxseed intervention and inflammation 1111



TABLE 2 (Continued)

Participants

First author, year (interven- Treatment

Quality

(reference) Country Design tion/control) duration/wk Intervention Disease name Parameters score
Wallace et al,, 2003 (45) UK Parallel 16(8/8) 12 9 g FXO/PLA Healthy Adults IL6, TNFor 1
Comp:16
Yarietal, 2016 (22) Iran Parallel 50(25/25) 12 30 g BF + LM/LM NAFLD hs-CRP, TNFa 1
Comp: 46
Zongetal, 2013 (23) China Parallel 173(90/83) 12 30 g WF + LC/LC MetS hs-CRP, IL6, TNFa 1
Comp: 173

48) and 15 studies were low quality (18, 21-24, 26, 27, 30,
33, 34, 37, 40, 44, 45). Moreover, according to the Cochrane
risk of bias tool, 13 articles were good quality, 13 articles were
poor quality, and 6 articles were fair quality (Table 3). The
eligible studies were conducted in the United States (12, 24,
25,27, 28, 32, 44), Canada (18, 33, 46), Iran (22, 26, 29, 36—
38, 42, 43), Brazil (19-21, 30, 35), Australia (31), Denmark
(47), Greece (34, 40, 41), Finland (39), China (23, 48), and
the United Kingdom (45).

Meta-analysis of the effect of flaxseed or its derivatives
on serum concentrations of TNFa

Overall, 11 studies, including 310 intervention and 317
control subjects, provided 12 effect sizes regarding the effect
of flaxseed supplementation on serum concentration of
TNF« (21-25, 31, 34, 37, 40, 46, 47). According to the meta-
analysis, flaxseed had a significant effect on reducing serum
concentration of TNF«, compared to the placebo groups
(WMD = —0.38; 95% CI: —0.75, —0.01; P = 0.04; Figure

TABLE 3 Quality assessment of clinical trials (according to the Cochrane guideline) investigating the associations between
flaxseed-derived product intakes and circulating inflammatory biomarkers'

Random

sequence Allocation Incomplete Selective Other Total
First author, year (reference) generation  concealment Blinding outcomedata  reporting bias quality
Barre et al, 2012 (46) L U U L

Babajafari et al,, 2018 (29)
Bloedon et al.,, 2008 (12)
Oliveria et al,, 2017 (30)
Demark et al., 2008 (28)
Dodin et al.,, 2008 (18)
Faintuch et al, 2011 (19)
Faintuch et al., 2011 (19)
Foster etal, 2013 (31)
Hallund et al.,, 2008 (47)
Hutchins et al,, 2013 (27)
Karakas et al, 2016 (32)
Kaul et al., 2008 (33)
Khalatbari et al.,, 2013 (26)
Kontogianni et al,, 2013 (34)
Lemos et al, 2012 (35)
Machado et al,, 2015 (21)
Mirfatahi et al,, 2016 (36)
Mirhashemi et al., 2016 (37)
Mirmasoumi et al,, 2018 (38)
Nordstrom et al., 1995 (39)
Pan et al, 2008 (48)
Paschos et al.,, 2007 (40)
Rallidis et al, 2003 (41)
Rhee et al, 2011 (25)
Ricklefs et al.,, 2017 (24)
Soleimani et al,, 2017 (43)
Soleimani et al, 2017 (42)
Vargas etal., 2011 (44)
Wallace et al,, 2003 (45)
Yari et al, 2016 (22)

Zong etal, 2013 (23)
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'F, fair quality; G, good quality; H, high risk of bias; L, low risk of bias; P, poor quality; U, unclear risk of bias.
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Study WMD (95% CI) % weight
Paschos et al. (40) = 0.30 (-0.04,0.64) 11.5
Hallund et al. (47) = -0.01 (-0.34,0.32) 11.6
Rhee et al. (25) = -0.20 (-0.45,0.05)  12.1
Barre et al. (46) —— 0.00 (-0.96), 0.96) 6.8
Zong et al. (23) —_ 0.08 (-0.33,0.49) 11.0
Foster et al. (31) ————  1.10(-0.56,2.76) 3.5
Kontogianni et al. (34) — -0.20 (-1.15,0.75) 6.9

Machado et al. (21)
Machado et al. (21)

-0.92 (-1.69,-0.15) 8.2

e -1.06 (-1.81,-0.31) 8.3
Mirhashemi et al. (37) —_— 0.10(-1.24, 1.44) 4.8
Yari et al. (22) —! -1.16 (-1.66,-0.66) 10.4

Ricklefs et al (24) :
Overall (I'=80.0%, P <0.001) <>

3.30(-4.73,-1.87) 4.4
-0.38(-0.75,-0.01) 100

473 0 473

FIGURE 2 Forest plot summarizing the association between
flaxseed or its derivatives vs. control on TNF-a concentration.
TNF-o, Tumor necrosis factor alpha

2). There was high level of heterogeneity among the studies
(I =80.0, P < 0.001). The subgroup analysis of study quality
according to the Jadad score (high or low), study design
(parallel or crossover), supplement type (flaxseed, flaxseed
oil, or lignan), age group (<30, between 30 and 60, or >60
y), and BMI categories (<25, 25-30, or >30) showed that

heterogeneity was significant within the low-quality studies
(n =29, = 86.1, P < 0.001) with parallel design (n = 9,
I’ = 86.8, P < 0.001), age 30-60 y (n = 5, > = 90.6,
P < 0.001), and BMI < 25 (n = 4, > = 67.8, P = 0.02)
and >30 (n = 4, P = 89.2, P < 0.001), as well as in trials
supplemented by flaxseed (n = 3, I’ = 84.2, P = 0.004)
(Table 4). The heterogeneity among the studies was not
explained by study quality, study design, supplement type,
age group, BMI, study duration, and participants’ gender
in the meta-regression (Table 5). The sensitivity analysis
suggested that this association disappeared following the
exclusion of each of the trials by Rhee et al. (WMD = —0.42;
95% CI:-0.88, 0.03) (25), Machado et al. (WMD = —0.33;
95% CI:-0.72, 0.05, and = —0.32; 95% CI:-0.70, 0.06)
(21), Yari et al. (22) (WMD = —0.27; 95% CI:-0.63, 0.08)
(22), and Ricklefs et al. (WMD = —0.24; 95% CI: —0.56,
0.07) (24).

Meta-analysis of the effect of flaxseed or its derivatives
on serum concentration of IL6

A total of 11 effect sizes (n = 316 intervention and 301
control) were obtained from the trials that considered the

TABLE 4 Overall estimates of meta-analysis investigating the associations between flaxseed-derived product intakes and circulating

inflammatory biomarkers'

No. of effect P value for
Outcomes Subgroups size References WMD (95% CI) Pvalue P (%) heterogeneity
TNFe, pg/mL 12 (18-22,28,31,34,37,43,44) —0.38(-0.75,001) 0.07 80.0 <0.001
Study quality High 4 (22, 28,43, 44) —0.10(—0.30,0.08) 0.28 0.0 040
Low 7 (18-21,31,34,37) —0.66 (—1.27,—0.05) 0.03 86.1 <0.001
Study design Parallel 7 (18-21,28,34,37) —0.587 (—1.24,0.06) 0.07 86.8 <0.001
Crossover 4 (22,31,43,44) —0.128 (—0.32,0.06) 0.19 0.0 0.83
Supplement type Flaxseed 5 (18-22) —0.76 (—1.30,—0.22) 0.006 84.2 <0.001
Flaxseed oil 4 (28,31,34,37) 0.26 (—0.04,0.57) 0.08 0.0 0.57
Lignan 2 (43, 44) —0.01(—-0.34,032) 0.95 - -
IL6, pg/mL 1 (10,18, 20, 22, 28, 38, 42-45) —0.24 (=0.70,0.20) 0.28 780 <0.001
Study quality High 6 (10,22, 28,43-45) —0.40(—0.95,0.14) 0.14 74.0 0.002
Low 5 (18,20, 34,42) 0.006 (—0.92,0.93) 0.99 826 <0.001
Study design Parallel 7 (10,18, 20, 28, 38,42) —0.11 (=064,042) 0.69 72.5 0.001
Crossover 4 (22,43-45) —0.54 (=1.56,047) 0.29 88.7 <0.001
Supplement type Flaxseed 5 (10,18, 20, 22) —0.27 (—0.99,045) 0.46 879 <0.001
Flaxseed oil 3 (28, 38,42) —043(=1.17,031) 0.25 9.0 033
Lignan 3 (43-45) —0.02(-042,037) 0.89 0.0 092
CRP, mg/L 19 (15-18, 21, 23, 25, 27, 28, 30, 32, 36, —0.56 (—=1.02, —0.10) 0.01 756 <0.001
38,43-45)
Study quality High 10 (16,17, 25,28, 32, 36, 43-45) —0.57(—=1.31,0.16) 0.12 812 <0.001
Low 9 (15,18, 21,23, 27,30, 38) —052(=1.11,005) 0.07 66.2 0.004
Study design Parallel 15 (15,16, 18,21, 23, 25,27, 28,30, 32, —0.51(—1.05,0.03) 0.06 79.1 <0.001
36, 38)
Crossover 4 (17,43-45) —051(=101,-001) 0.04 547 0.08
Supplement type Flaxseed 9 (15-18,21,23,25) —0.64 (—1.34,0.06) 0.07 712 <0.001
Flaxseed oil 7 (27,28,30,32,36,38) —0.56 (—1.44,0.30) 0.20 85.7 <0.001
Lignan 3 (43-45) —030(—084,0.23) 0.27 0.0 0.95
hs-CRP, mg/L 15 (10,19, 20, 22-24, 26, 31, 33, 35, 39, —068(—1.21,-0.15) 0.01 89.8 <0.001
41)
Study quality High 8 (10, 23, 26, 33, 35, 39, 40) —1.12(=203,-022) 0.01 874 <0.001
Low 7 (19,20,22,24,31,41) —0.06 (—0.60,0.47) 0.82 828 <0.001
Study design Parallel i (10,19, 20, 23, 26, 33, 35,39, 41) —0.74 (=148, -0.01) 0.04 915 <0.001
Crossover 4 (22,24,31) —0.58(—1.68,0.50) 0.29 843 <0.001
Supplement type Flaxseed 5 (10,19, 20, 24) —0.51(-1.21,0.18) 0.15 88.5 <0.001
Flaxseed Oil 10 (22,23,26,31,33,35,39-41) —081(—1.85,022) 0.12 911 <0.001

TCRP, C-reactive protein; hs-CRP, high-sensitivity CRP; WMD, weighted mean difference.
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TABLE 5 Meta-regression investigating the associations between flaxseed-derived product intakes and

circulating inflammatory biomarkers'

Variable Coefficient 95% ClI P value
TNFer, pg/mL
Study quality 0.29 —6.43,7.01 0.89
Study design 0.20 —573,6.13 092
Supplement type 0.64 —6.26,7.56 0.78
Age group —0.16 —747.7.14 0.94
BMI —-023 —5.23,476 0.89
Time to follow, wk 0.26 —1.18,1.71 0.60
Gender, % of males 0.002 —0.10,0.11 094
IL6, pg/mL
Study quality —0.69 —17.14,15.75 0.87
Study design —-023 —13.06, 12.60 0.94
Supplement type 0.57 —15.27,1643 0.89
Age group —0.67 —1239,11.04 0.82
BMI 0.31 —14.42,15.04 0.93
Time to follow, wk —027 — 843,789 0.89
Gender, % of males —0.02 —0.27,022 0.74
CRP, mg/L
Study quality —1.63 —1137,8.11 0.54
Study design 6.93 —21.92,35.79 041
Supplement type —1.60 —562,242 0.22
Age group 7.55 —11.75,26.86 0.23
BMI — 491 — 14.65,4.82 0.16
Time to follow, wk —0.07 —0.25,0.10 0.21
Gender, % of males —0.03 —0.11,004 0.23
hs-CRP, mg/L
Study quality —1.03 — 246,039 0.14
Study design 039 —1.12,190 0.59
Supplement type 0.76 —0381,233 0.31
Age group — 046 —1.80,0.86 0.46
BMI 0.21 —095,139 0.69
Time to follow, wk —-012 —0.35,0.10 0.27
Gender, % of males 0.005 —0.02,003 0.73

TCRP, C-reactive protein; hs-CRP, high-sensitivity CRP.

effect of flaxseed supplementation on serum concentrations
of IL6 (12, 21, 23, 25, 31, 41, 45-48). As shown in Figure
3, there was no association between flaxseed supplemen-
tation and IL6 concentration, compared to the placebo
(WMD = —0.25; 95% CIL:-0.70, 0.21; P = 0.28). High
levels of heterogeneity were observed among the studies
(I =78.0, P < 0.001). The subgroup analysis of supplement
type (flaxseed, flaxseed oil, or lignan), age group (<30, 30—
60, or >60 y), and BMI categories (<25, 25—30, or >30)
suggested that heterogeneity was significant in trials using
flaxseed as a supplement (n = 6, > = 87.9, P < 0.001), with
age <30y (n=3,F =90.1, P < 0.001) or > 60 y (n = 4,
P =842, P < 0.001) and BMI < 25 (n = 4, P = 85.3,
P <0.001) or > 30 (n =2, > = 85.9, P < 0.001). In addition,
according to the subgroup analysis, study quality and study
design were not the source of heterogeneity and there was sig-
nificant heterogeneity in all the subgroups of these variables.
Moreover, meta-regression did not report study quality, study
design, supplement type, age group, BMI, study duration
(wk), and participants’ gender (percentage of male subjects)
as sources of heterogeneity. The sensitivity analysis suggested
a significant change in the results following the exclusion of
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the study by Machado et al. (21) (WMD = —0.44; 95% CI:-
0.81, -0.08).

Meta-analysis of the effect of flaxseed or its derivatives
on serum concentration of CRP

Ten trials, including 318 treatment and 327 controls, pro-
vided 12 effect sizes on serum concentration of CRP for the
meta-analysis (18-21, 24, 28, 31, 33, 39, 46). These studies
suggested no association between flaxseed consumption and
CRP concentration (WMD = —0.34; 95% CI: —0.89, 0.20,
P = 0.22, Figure 4). There was a moderate heterogeneity
among the studies (I° = 60.7%, P = 0.003). According to
the subgroup analysis, there was a significant heterogeneity
in the low-quality studies (n = 4, > = 72.9, P = 0.01) with
parallel design (n = 10, ¥ = 54.3, P = 0.02) and trials
supplemented by flaxseed (n = 9, > = 67.0, P = 0.002).
Further, stratifying the studies according to BMI resulted
in a nonsignificant heterogeneity among studies in all the
subgroups. However, the meta-regression did not report
study quality, study design, supplement type, age group, BMI,
study duration (wk), and participants’ gender (percentage of
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FIGURE 3 Forest plot summarizing the association between
intake flaxseed or its derivatives on circulating IL-6 concentrations.
WMD, weighted mean difference.

male subjects) as sources of heterogeneity. The sensitivity
analysis did not provide any further information.

Meta-analysis of the effect of flaxseed or its derivatives
on serum concentration of hs-CRP

In total, 19 studies (22 effect sizes; n = 699 intervention and
986 control) investigated the effect of flaxseed supplementa-
tion on serum concentration of hs-CRP (12, 22, 23, 25-27,
29, 30, 32, 34-36, 38, 41-44, 47, 48).

These studies suggested an inverse association between
flaxseed consumption and hs-CRP concentration (mean
difference = —0.75; 95% CI:-1.19, -0.30, P = 0.001, Figure
5). There was a high heterogeneity among the studies
(P = 89.5%, P < 0.001). The subgroup analysis did not
identify study quality (high or low), study design (parallel
or crossover), age (<30, 30-60, or >60 y), and BMI (<25,
25-30, or >30) as sources of heterogeneity. According to the
subgroup analysis, studies that used flaxseed and flaxseed oil
as supplements had a high heterogeneity level (> = 88.7%,
P <0.001,and > = 91.0%, P < 0.001, respectively). However,
heterogeneity was not evident among studies supplemented
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FIGURE 4 Forest plot summarizing the association between
intake flaxseed or its derivatives on circulating CRP concentrations.
CRP, C-reactive protein, WMD, weighted mean difference.

by flaxseed lignan (I> = 0.0%, P = 0.95). The significant
relation between flaxseed supplementation and hs-CRP
concentration did not change in the sensitivity analysis.

Publication bias

Visual inspection of the funnel plots demonstrated no publi-
cation bias of the trials in investigating the effect of flaxseed
supplementation on TNF« (Egger’s test P = 0.25; Begg's test
P =0.99) (Figure 6A), IL6 (Egger’s test P = 0.87; Begg’s
test P = 0.99) (Figure 6B), and CRP (Egger’s test P = 0.20;
Begg’s test P = 0.45) (Figure 6C) concentrations. Although
the funnel plot (Figure 6D) and Begg’s test (P = 0.31) did
not show any publication bias of the trials in investigating the
effect of flaxseed supplementation on hs-CRP concentration,
the Egger’s test was significant (P < 0.001).

Discussion

The present systematic review and meta-analysis revealed
that flaxseed consumption had a beneficial effect on hs-
CRP and TNFew, but not on IL6 and CRP. However, after
excluding the study of Machado et al. (21), we found a
significant inverse association between flaxseed and IL6
concentration. Flaxseed as 1 of the best sources of PUFA,
especially w-3, is widely established to have several beneficial
effects on human health (49). There are 2 types of essential
fatty acid for humans, including linoleic acid [18:2 (n-6)]
from the n-6 family and ALA [18:3 (n-3)] from n-3 fatty
acid family (50). Higher consumption of n-6 fatty acids
compared to n-3 causes overproduction of proinflamma-
tory agents such as series 2 eicosanoid-like prostaglandins
and series 4 leukotrienes and low concentrations of anti-
inflammatory agents, especially series 5 leukotrienes and
series 3 prostaglandins (51). Because in many traditional
and Western diets, less substrate is available for synthesis
of the anti-inflammatory n-3 fatty acid family, supple-
mentation of flaxseed or its derivatives has been shown
to result in decreased production of PGE2, thromboxane
B2, 5-hydroxyeicosatetraenoic acid, and leukotriene E4 by
inflammatory cells (51). The amount of ALA in flaxseed
is about 57%. Ground flaxseed has ALA, but flaxseed oil
contains the highest amount (52). CRP is an indicator of
general low-grade inflammation, and a higher concentration
of CRP is associated with the increased risk of CVD (53),
insulin resistance (54), and metabolic syndrome (55). In the
current study, flaxseed or its derivatives reduced the hs-
CRP concentration significantly. However, a pooled analysis
did not reveal any significant change in the serum concen-
tration of CRP after flaxseed supplementation. Macrophage
infiltration into adipose tissue, which occurs as a result of
obesity and chronic diseases, can increase the production
of proinflammatory agents such as IL6, CRP, hs-CRP, and
TNF« (56, 57). SDG is an active compound with antioxidant
properties present in flax and is a precursor for other active
metabolites such as enterolactone and lignans enterodiol
(58). Studies have revealed that diets including a high amount
of flaxseed can increase plasma concentration of these active
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FIGURE 5 Forest plot summarizing the association between intake flaxseed or its derivatives on circulating hs-CRP concentration.

hs-CRP, high-sensitivity CRP; WMD, weighted mean difference.

compounds at a time interval of 2-3 wk (59). Flaxseed-
related active compounds, especially SDG and its metabolites
(enterolactone and lignans enterodiol), have shown anti-
inflammatory and antioxidant activity, mainly through in-
hibition of lipid peroxidation. Moreover, some studies have
suggested that the flaxseed lignan component can activate the
nuclear element (erythroid-derived 2)-like 2, a transcription
factor of the antioxidant and detoxifying genes, especially
NAD(P)H quinone dehydrogenase 1 and heme oxygenase-
1 (60). Furthermore, Rom et al. demonstrated that SDG
administration reduces leukocyte adhesion and migration
across the blood-brain barrier by ~50% (61). On the other
hand, flaxseed is 1 of the richest sources of soluble fiber.
Dietary fiber has been shown to be fermented to SCFA
(acetate, propionate, and butyrate) by intestinal bacteria. Pre-
vious studies have revealed that SCFA, especially propionate,
can act as anti-inflammatory factors through interference in
various inflammatory pathways, especially reduced TNFa-
related gene expression (62). Furthermore, results of animal
and human studies have shown that in humans and high-
fat diet-fed rodents, consumption of flaxseed can improve
critical aspects of the obese phenotype, including reduced
adipocyte hypertrophy, T-cell accumulation, and monocyte
chemoattractant protein-1 production, and reduce serum
concentration and mononuclear cell secretion of IL6, IL18,
and TNF« (41, 63, 64). In our study, the effect of supplemen-
tation of flaxseed or its derivatives on TNFa was found to be
significant, and excluding studies with high sample size and
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high effect size caused meaningful disappearance. However,
we identified study design, study quality, age group, BMI, and
intervention type (flaxseed, flaxseed oil, or lignan) as sources
of the heterogeneity.

Our results also revealed that flaxseed or its derivatives
had no effects on IL6 plasma concentration. However, sup-
plement type, BMI, and age group were identified as sources
of heterogeneity by the subgroup analysis. Interestingly, after
removing Machado et al.’s study (21), we found a significant
inverse association. It appears that the main causes of such
contradictory findings in Machado et al’s study are the
age of participants and baseline serum concentration of
inflammatory markers. In adolescents, serum concentrations
of inflammatory factors are low (65). Nevertheless, previous
studies have shown that in adult subjects and patients with
high serum concentration of inflammatory markers, the
effect of flaxseed is more significant on the reduction of
inflammation (35). However, the stratified analysis did not
show any difference in the effect of flaxseed on IL6 among
the various age groups. Another reason for the contradiction
in the study results with regard to the effect of flaxseed
or its derivatives on inflammatory markers is the weights
of the participants; it is clear that obese subjects have a
high concentration of inflammatory markers because of the
higher amounts of adipose tissue (66). Furthermore, several
trials have shown that flaxseed is more likely to reduce
systemic inflammatory markers in subjects with higher
concentrations of inflammatory factors (i.e., CRP >3 mg/L
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FIGURE 6 Funnel plots detailing publication bias in the selected
studies of the relation between intakes of flaxseed-derived

products and circulating TNFe (A), IL6 (B), CRP (C), and hs-CRP (D).

Visual inspection of funnel plots indicates that there is no
publication bias among studies. CRP, C-reactive protein; hs-CRP,
high-sensitivity CRP; WMD, weighted mean difference.

or microinflammation) (36). The present study found that
in subjects with higher BMI (>30), flaxseed resulted in
significantly lower TNFa, CRP, and hs-CRP compared to
the placebo; however, the changes were not significant in
the other subgroups. In addition, flaxseed resulted in a
nonsignificant reduction in the IL6 concentration in subjects
with higher BMI. Because most of the studies did not report
the results separately according to gender, the exact sex-
specificity effect of flaxseed remains unclear. However, meta-
regression did not find gender to be a source of heterogeneity.

To the best of the researchers’ knowledge, this study was

the first comprehensive meta-analysis designed to analyze the
effect of flaxseed or its derivatives on inflammatory biomark-
ers. The strengths of this study included the identification
of randomized trials with a detailed search strategy and
subgroup analysis of intervention type, study design, study
quality score, age group, and BMI categories. The present
study might have some limitations that should be considered.
Firstly, in the included studies, sample populations were from
different diseases and sometimes healthy people, which could
affect the accuracy of the results. Secondly, the eligible studies
were heterogeneous and the source of heterogeneity for some
elements could not be identified, indicating that the effects of
flaxseed were not uniform on inflammatory factors.

In conclusion, the current meta-analysis pooled results

from 32 RCTs regarding the effects of consumption of
flaxseed or its derivatives on main inflammatory factors. The
results of this study showed that flaxseed or its derivatives
could have anti-inflammatory effects on the human body.
However, additional trials must be conducted in the future
that include adequate durations, well-designed protocols,
and larger sample sizes to demonstrate the beneficial effects
of flaxseed consumption on inflammation.
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